The aim of this study was to analyse the effect of age at onset on the long-term clinical, social and global outcomes of schizophrenia through a systematic review and a meta-analysis. Original studies were searched from Web of Science, PsycINFO, Pubmed and Scopus, as well as manually. Naturalistic studies with at least a 2-year follow-up were included. Of the 3509 search results, 81 articles fulfilled the inclusion criteria. The meta-analysis was performed in Stata as a random-effect analysis with correlation coefficients between age at onset and the outcomes (categorized into remission, relapse, hospitalization, positive symptoms, negative symptoms, total symptoms, general clinical outcome, employment, social/occupational functioning and global outcome). There was a statistically significant (P < .05) correlation between younger age at onset and more hospitalizations (number of studies, n = 9; correlation, r = 0.17; 95% confidence interval, CI 0.09-0.25), more negative symptoms (n = 7; r = 0.14; 95% CI 0.01-0.27), more relapses (n = 3; r = 0.11; 95% CI 0.02-0.20), poorer social/occupational functioning (n = 12; r = 0.15; 95% CI 0.05-0.25) and poorer global outcome (n = 13; r = 0.14; 95% CI 0.07-0.22). Other relationships were not significant. This was the first systematic review of the effects of age at onset on the long-term outcomes of schizophrenia. The results show that age at onset has a small, but significant impact on some of the outcomes of schizophrenia.
should be evaluated separately when reporting outcome. Inconsistency in the definitions of outcomes has made it difficult to draw conclusions and to make comparisons between different studies (Liberman et al., 2002) .
The aim of this study was to analyse the effect of age at onset of psychosis on the long-term outcomes of schizophrenia through a systematic review and meta-analysis. The follow-up period was set to a minimum of 2 years in order to focus on the long-term outcome and the different outcome dimensions were evaluated separately. To our knowledge, this is the first systematic review on association between age at onset and long-term outcomes of schizophrenia that includes both first-episode patients and those with a longer history of illness.
| MATERIALS AND METHODS

| Data collection
We applied the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines for systematic reviews and meta-analyses (Stroup et al., 2000) . The search included 4 databases: Web of Science, PsycInfo, Pubmed and Scopus. The search was conducted in August 2015. The search query was the following: ("age at onset" OR "onset age" OR "age of onset") AND (schizoaffective OR schizophr* OR psychosis OR psychoses) AND (outcome OR symptoms OR hospitalization OR work OR occupation* OR employment OR prognosis OR remission OR relapse). The search was limited to title, abstract and key words. No language or time limit was applied and nonEnglish articles were translated when necessary. The search query was approved by an information scientist. In addition, a manual literature search was performed, utilizing material from a previous metaanalysis carried out by our study group. This material consisted of 5009 articles that had been analysed to identify predictors for recovery. In the analysis, age at onset had been one of the searched predictors. (Jaaskelainen et al., 2013) The following information was collected from the included original studies: the used diagnostic system, setting of the study (inpatient/outpatient), duration of schizophrenia at baseline, sample size, definition and source of age at onset, onset age, follow-up time, used outcome measures, and the main result of the study and any other especially noteworthy information. This is the first presentation of the review protocol of this meta-analysis.
| Study selection
The included articles were required to meet all the following criteria:
1. The follow-up period or length of illness was a minimum of 2 years.
2. At least 80% of the study sample had a schizophrenia-spectrum diagnosis (schizophrenia, schizophreniform disorder, schizoaffective disorder and delusional disorder) and individuals with schizophrenia had to be included (ie, the sample did not consist only of cases with schizophrenia spectrum disorders other than schizophrenia).
3. The study was not an intervention or clinical trial, as these limit the representativeness of the samples. 6. The sample was not biased based on age at onset (ie, it did not include only early or late onset patients). This was required as we wanted the effect sizes to be comparable between the studies. 7. The sample was not biased based on the severity or the outcome of the illness (eg, the sample did not include only chronic patients or patients with good/bad outcome). This was required as we wanted the effect sizes to be comparable between the studies.
| Definitions of outcomes and age at onset
In line with previous research, the outcome categories were selected to cover the different dimensions of clinical, social, occupational and global outcomes of schizophrenia (Penttilä, Jääskeläinen, Hirvonen, Isohanni, & Miettunen, 2014) .
Clinical outcomes included remission, relapse, hospitalization, different symptomatic outcomes and general clinical outcome. Remission was most often defined as absence of symptoms or at most mild symptoms.
Most studies utilized the symptomatic severity criteria of Andreasen et al. (2005) and many studies also applied their duration criteria.
Relapse was mostly defined as worsening of symptoms. Mere hospitalization was not viewed here as a relapse but was included in the hospitalization outcome. Other hospitalization outcomes included number and length of hospitalizations. The symptomatic outcomes were negative symptoms, positive symptoms and total symptoms, which were measured by, for example, Scale for the Assessment of Negative Symptoms (SANS), Scale for the Assessment of Positive Symptoms (SAPS) and Positive and Negative Syndrome Scale (PANSS). General clinical outcome included outcomes defined as good or bad clinical outcome and was measured by, for example, Clinical Global Impression (CGI) Scale.
Social/occupational outcomes included measures of social or occupational capacity including, for example, the ability to provide for oneself, work performance and length of work history, and the quality and measure of social contacts. Specific measures included, for example, Social and Occupational Functioning Assessment Scale (SOFAS) and subscales from Disability Assessment Scale (DAS) and the StraussCarpenter Outcome Scale. Employment status was studied separately.
Global outcomes encompass outcomes that have clinical, social/ occupational and functional aspects in a combined measure. These were measured by, for example, The Strauss-Carpenter Outcome Scale and GAF Scale.
Individual symptoms, quality of life and suicidality were excluded from the outcomes because they were not widely used outcomes in the included studies. The connection between age at onset and cognition has previously been studied through a meta-analysis and hence it was not included in this study (Rajji, Ismail, & Mulsant, 2009 ). Thus, there were altogether 10 different outcomes included in the analysis.
Age at onset can be defined in different ways. The different definitions used in original studies can be seen from Table S1 , Supporting Information. They include definitions such as age at first admission, age at first (positive) psychotic symptoms and age at first contact with healthcare professionals. As these measures have been identified to correlate and to occur within 6 to 18 months of each other (DeLisi, 1992; DeLisi, Goldin, Maxwell, Kazuba, & Gershon, 1987; DeLisi et al., 1991) , we accepted the different definitions used in individual studies.
| Statistical methods
We expected heterogeneity in the relationship between age at onset and the different outcomes. Thus, a random-effects model was used to pool estimates of effect sizes. In a random-effects analysis, each study was weighted by the inverse of its variance and the between-studies variance. (Sterne, 2009 ) Estimation of the relationship between age at onset and the outcome variables was made using correlation coefficients. If the results were reported from more than 1 follow-up point, the results from the longer follow-up time were used in the analysis. With classified variables, the average value of the classes was used. Unadjusted results were preferred if they were given in the original studies, as adjusted results were reported less often and with varying covariates. Effect measures other than correlations were transformed into correlations (r) using formulas by Rosenthal, Cooper, and Hedges (1994) and Rosenthal, Rosnow, and Rubin (2000) . In this study, positive correlation indicates that patients with lower age at onset have poorer outcomes.
Correlation coefficients can be interpreted as indicating a small 0.10, a moderate 0.30 or a large 0.50 effect (Cohen, 1992) .
When several papers were available on the same or overlapping cohorts reporting results of the same outcome, we selected the results from the studies that had the longest follow-up. If the followup periods were equal, we chose the largest sample size. If 2 papers reported identical results in identical effect measures, we reported the paper published first as the reference. If they reported identical results in different effect size measures we chose the 1 that reported correlations over other measures. This selection was not necessary when the papers reported different outcomes using the same or overlapping cohorts. The reported sample sizes per outcome have been calculated by taking this into consideration.
Heterogeneity was studied using the I 2 statistic. The value of I 2 ranges from 0% to 100% and it reflects the proportion of the total variation between studies which is beyond chance. 25% is low, 50% is moderate and 75% high (Higgins, Thompson, Deeks, & Altman, 2003) .
The statistical significance of heterogeneity was tested with the χ 2 test. Age at onset, gender, length of illness at follow-up, study design (retrospective/prospective) and sample type (first-episode/not firstepisode sample) were studied as confounding factors through metaregression. Possible publication bias was examined using Egger's test for small-study effects (Egger, Davey Smith, Schneider, & Minder, 1997) . Stata version 11 was used in all analyses (StataCorp, 2009; Sterne, 2009 ). An alpha level of .05 was used in all statistical tests. 
| RESULTS
After
| Study characteristics and quality
There was high variability between the studies in all measures. The included studies were published between 1974 and 2015. A minority were retrospective studies (n = 19) and of the remainder the followup period ranged from 1 to 31 years. A minority of the studies (n = 37) included a sample of first-onset, first-admission or recentonset schizophrenia patients, whereas the rest included patients with a duration of schizophrenia at the baseline ranging from 4.5 to FIGURE 1 Flow diagram of the selection of studies (n, number of articles).
22 years. A minority of the papers did not report a definition for onset age (n = 29). The sample size at the end of the follow-up period varied considerably, ranging from 28 to 22 395, and was less than a 100 in 43 papers. The most frequently used diagnostic system was DSM in its different versions (DSM-II, n = 2; DSM-III, n = 6; DSM-III-R, n = 15; and DSM-IV, n = 22). ICD was also widely used (ICD-9, n = 12; ICD-8, n = 2; and ICD-10, n = 4), and a few studies used RDC (n = 3) or multiple different systems (n = 15). Details of the included papers are presented in Table S1 . The outcomes reported in each included paper and their inclusion in the meta-analysis can be seen in Table S2 and full references for the papers in Appendix S1.
| Association between age at onset and clinical outcomes 3.2.1 | Remission
There were 17 papers that studied remission in relation to age at onset, with a total population of 13 081 patients when excluding papers reporting from the same samples. In most studies, the effect of onset age on remission was not significant. The main portion of the study population, 11 078, came from The Worldwide-Schizophrenia
Outpatient Health Outcomes (W-SOHO) study, in which there was no statistical difference between the age at first treatment of the patients achieving clinical remission and those who did not (Haro et al., 2011) .
Six studies reported at most a modest significant relationship between age at onset and achieving remission. There were no statistically significant relationships between age at onset and remission in metaanalysis (n = 6; r = 0.05; 95% CI −0.02 to 0.12; P = .13).
| Relapse
There were 6 papers that reported results for relapse, with a total population of 8329 patients. The largest portion of the patients was from the European part of the W-SOHO study, in which there was no relationship between age at onset and relapsing (Haro et al., 2006) . Three studies reported a significant relationship between age at onset and relapsing: Ascher-Svanum et al. (2010) found that those with relapse during the 1-year follow-up period were over 2 years younger at onset than those not having relapse and (Altamura et al.'s (2001) results showed a 2.9-year difference. Eaton's results in India, however, showed that age at onset above 25 increased the risk of relapsing (Eaton, Thara, Federman, & Tien, 1998) . In meta-analysis, there was a small but statistically significant relationship between age at onset and relapse (n = 3; r = 0.11; 95% CI 0.02-0.20; P = .01).
| Hospitalization
There were altogether 19 papers that reported results for hospitalization outcomes. The total patient population was 78 817. There were 10 studies showing a statistically significant relationship between age at onset and hospitalization outcomes. The presented results, including some relatively strong correlations, suggested that earlier age at onset results in more frequent or longer hospitalizations. For example, Eaton et al. (1992a) and (1992b) conducted an extensive study in Australia, England, United States and Denmark and their results showed a significant relationship between earlier age at onset and increased risk of re-hospitalization in all countries except the United
States. In Denmark, individuals with first admission after age 60 had only 39% of the risk of re-hospitalization compared with those with first admission before age 20. In meta-analysis, age at onset had a small but statistically significant relationship with hospitalization (n = 9; r = 0.17; 95% CI 0.09-0.25; P < .001).
| Symptomatic outcomes
Nine studies reported results for positive symptoms, with a total sample of 2359. Only 1 study reported a statistically significant relationship. Negative symptoms and age at onset were studied in 14 papers with 2595 patients. Four studies reported a significant relationship with effect sizes ranging from weak to modest. Fewer papers, altogether 7, investigated total symptoms with a sample of 892 patients.
Only 2 studies with a combined sample of 160 individuals revealed a significant relationship between age at onset and total symptoms.
There were no statistically significant relationships between age at onset and positive symptoms (n = 4; r = 0.05; 95% CI −0.05 to 0.15; P = .33) or total symptoms (n = 3; r = 0.25; 95% CI −0.05 to 0.56; P = .1). A lower age at onset had a small but significant relationship with more negative symptoms (n = 7; r = 0.14; 95% CI 0.01-0.27; P = .04).
| General clinical outcome
There were 17 papers with a total sample of 1725 patients reporting results for general clinical outcome. Approximately half of the included studies reported a statistically significant relationship. In these studies, age at onset was almost equally reported as having a positive or a negative relationship with the outcome. According to this, there was no statistically significant relationship between age at onset and the outcome in meta-analysis (n = 8; r = 0.06; 95% CI −0.07 to 0.19; P = .36).
3.3 | Association between age at onset and occupational and social outcomes
| Employment status
One of the 4 included studies reported significant results showing that an earlier onset decreased the percentage of time employed (Westermeyer & Harrow, 1984) . The sample size for this outcome was rather small, including only 575 individuals. There was no statistically significant relationship between age at onset and employment status in meta-analysis (n = 3; r = 0.15; 95% CI −0.11 to 0.41; P = .28).
| Social or occupational capacity
There were a total of 25 papers reporting social or occupational capacity outcomes, of which 15 reported a statistically significant relationship indicating that lower age at onset predicts a poorer outcome in this outcome category. The total sample of patients was 14 192, including over half of the patients from the W-SOHO study that reported a small, but significant relationship between age at onset and the outcome (Haro et al., 2011) . One study reported in . In meta-analysis, a lower age at onset predicted poorer social/occupational functioning (n = 12; r = 0.15; 95% CI 0.05-0.25; P = .002).
| Association between age at onset and global outcomes
There were 23 papers in this category, of which 10 reported a significant relationship between age at onset and the measured outcome.
The reported correlations ranged from 0.004 to 0.3, showing variability between the included studies. The total patient population, 1999, was smaller than for most of the measured outcomes. In meta-analysis, lower age at onset predicted poorer global outcome (n = 13; r = 0.14; 95% CI 0.07-0.22; P < 0.001).
Overall correlations for each outcome are summarized in a forest plot in Figure 2 . The forest plots for each individual outcome can be found in Figures S1 to S10.
| Heterogeneity in meta-analysis
Heterogeneity was statistically significant for hospitalization (I 2 = 95.1%, P < 0.001), negative symptoms (I 2 = 63.5%, P = .01), total symptoms (I 2 = 88.8%, P < 0.001), general clinical outcome (I 2 = 69.7%, P = .002), social/occupation functioning (I 2 = 80.8%, P < 0.001) and global outcome (I 2 = 47.7%, P = .03). It was not significant for relapse (I 2 = 11.4%, P = .32), remission (I 2 = 39.6%, P = .14)
or positive symptoms (I 2 = 0.0%, P = .69).
| Covariates in meta-regression and publication bias
Gender, length of illness at follow-up, study design (retrospective/prospective) and sample type (first-episode/not first-episode sample)
were studied as confounding factors through meta-regression. Neither length of illness at follow-up nor study design affected the correlations between age at onset and the studied outcomes. Male gender had a confounding effect (t = 2.69, P = .036): the correlation between lower age at onset and poorer general clinical outcome became significant in samples with a higher proportion of males. First-episode sample type in turn weakened the relationship between hospitalization and age at onset (t = −3.56, P < 0.001). No statistically significant bias was found through the Egger's test for small study effects for the identified significant predictors with an alpha level of .05 or .10.
| DISCUSSION
Based on this study, there is a statistically significant association between age at onset and the outcome of schizophrenia, though the association is small and less important than presented in some clinical textbooks (Cohen, 2003; Semple & Smyth, 2013) . There was no significant correlation between age at onset and clinical outcomes of remission, general clinical outcome, positive symptoms or total symptoms. We found a small but statistically significant association between lower age at onset and more hospitalizations, more negative symptoms, more relapses, poorer social/occupational functioning and poorer global outcome. Male gender had a confounding effect, according to which with a higher proportion of males in the sample the correlation between earlier age at onset and poorer general clinical outcome became significant. Thus, the effect of age at onset is mostly independent from gender but it is possible that males with an early onset have a poorer clinical outcome. First-episode sample type in turn weakened the relationship between hospitalization and age at onset, which may be because non-first-episode samples may include more chronic patients who are in more need of inpatient care.
| Comparison with earlier studies on predictors of outcomes in schizophrenia
The effect sizes in systematic reviews focusing on other predictors of outcomes in schizophrenia have been similar to those identified here.
For example, longer duration of untreated psychosis (DUP) (Penttilä et al., 2014) , family history of psychosis (Käkelä et al., 2014) Correlations (95% CI)
Correlations between age at onset and outcome categories. Positive correlation indicates that a younger age at onset results in poorer outcome (CI, conference interval; n, number of studies).
Haricharan, 2005) and a higher family loading or family history of psychosis (Esterberg, Trotman, Holtzman, Compton, & Walker, 2010; Suvisaari, Haukka, Tanskanen, & Lonnqvist, 1998 ) and more substance or drug abuse (Cantwell & Group, 2003) . It is also possible that duration of illness partly explains the connection between age at onset and poorer outcomes. Our study included both first-episode and cross-sectional studies, and hence in the latter the role of age at onset could be masked by the length of illness. There was only 1 original study in which this had been taken into account, and in this study age at onset remained a significant predictor of the measured outcome even when length of illness was controlled for (Kao & Liu, 2010) . Thus, further research on the topic is needed. Nevertheless, an earlier age at onset results in longer length of illness considering the patient's life span, and thus results in higher costs for society due to loss in productive employment and health care costs.
Even though the identified associations between earlier age of onset and poorer outcomes are weak, the results are nevertheless scientifically and clinically important.
| Strengths and limitations of the study and risk of bias
To our knowledge, this is the first systematic review and metaanalysis of age at onset and the outcome of schizophrenia. The performed literature search was extensive, as multiple databases were used in addition to a manual search. However, it is possible that some studies reporting results for the relationship between age at onset and outcomes for schizophrenia were not included, if for example this association was not the main focus of the study.
There are a few other limitations in this study: the low number of included studies in some outcome categories, controlling of confounding factors, and heterogeneity and sampling in the included original studies.
The most important limitation is the small number of studies in some outcome categories making the meta-analysis regarding these outcomes less reliable. For example, only 3 studies were included in clinical outcome categories of total symptoms, relapse and employment. A larger number of studies would have improved the reliability of the results.
Publication bias was studied through Egger's test for the small study effect. It should be noted that the power of the test is low when the number of studies is small. Hence, a publication bias remains possible.
We studied the effects of multiple covariates, but there might be other confounding factors in addition to those included in our metaregression analysis. For example, social and occupational functioning may be dependent on pre-morbid adjustment, which may be dependent on the age at onset. Other possible confounders are DUP and substance abuse. Therefore, the possible bias due to confounding factors should be considered when interpreting the results of this meta-analysis.
There are also limitations within the included original studies themselves. Heterogeneity between the studies varied in different outcome categories. There is rather low variability in how age at onset can be defined, and so the heterogeneity is probably due to variation in the studied outcomes. Differences in defining and measuring the outcomes as well as in the used methodologies may have affected our results and conclusions. Especially outcomes including social aspects showed some variation. As the results were presented with various effect size measures, we were forced to convert them into correlations. These conversions may result in inaccuracy, as the used equations assume that the variables are normally distributed.
We aimed to reduce the possibility of selection bias by excluding studies with biased samples. Previously, studies focusing on early onset schizophrenia have reported poorer long-term clinical outcomes compared with adult onset (Biswas, Malhotra, Malhotra, & Gupta, 2006; Schmidt, Blanz, Dippe, Koppe, & Lay, 1995; Vourdas, Pipe, Corrigall, & Frangou, 2003) . These studies are often based on samples from different populations, as early onset patients and adult onset patients are often treated in different facilities. Hence, there is a possible selection bias (Amminger et al., 2011) and thus these studies were excluded from this study. Neither did we include studies focusing only on childhood nor adolescence schizophrenia, in order to ensure comparability of effect sizes between studies. Extreme onset ages are rare and might not be present in the samples of the original studies that we included especially when the sample sizes were small. The results might have been different if the sample sizes had been larger and more childhood onset and late onset schizophrenia cases had been included in the samples of the original studies. Thus, our results concern mostly adult and late adolescence onset schizophrenia.
| Implications
Social and occupational functioning in schizophrenia is unfortunately poor (Perälä et al., 2008) . There is a suggestion that especially employment outcomes have not improved and on the contrary might have slightly weakened during recent years. For example, in Finland, when studying employment rates of schizophrenia patients discharged in the years 1986, 1990 and 1994, the younger cohorts had consistently lower employment rates compared to the older ones (Honkonen, Stengård, Virtanen, & Salokangas, 2007) . It has been suggested that an earlier onset disrupts the social and cognitive development of a person and hence results in weaker social and occupational skills (Häfner, Nowotny, Löffler, an der Heiden, & Maurer, 1995; Hafner et al., 2003) . In a recent metaanalysis, it was indeed discovered that an earlier onset age is associated with poorer cognition in schizophrenia (Rajji et al., 2009 ).
Our results confirm the importance of early intervention services, including occupational rehabilitation. Interventions supporting social recovery and employment should be offered to patients with schizophrenia, as stated in different national clinical guidelines (Gaebel, Riesbeck, & Wobrock, 2011) . Especially early intervention services, focusing usually on younger patients, are becoming more widely offered and there has been an upsurge in research on such services (Behan, Masterson, & Clarke, 2016) . In studies focusing on interventions, a younger age of onset has been associated with poorer premorbid functioning and more severe baseline illness in schizophrenia: a lower onset age is related to having more negative symptoms (Ballageer et al., 2005; Pencer, Addington, & Addington, 2005) , impaired social functioning (Hui et al., 2014; Vourdas et al., 2003) Overall, a lower age at onset may result in poorer baseline functioning especially regarding work and social adjustment, although this connection may dilute over time as a result of the intervention programmes. In intervention studies that report later outcomes, there are fewer differences between early and late onset participants. For example, age at onset was not relevant for risk of relapse in a 3-year follow-up (Caseiro et al., 2012) or for achieving symptomatic remission in a 2-year follow-up, (Addington & Addington, 2008) and the earlier described baseline differences in negative symptoms, employment and social functioning for early onset participants disappeared during a 2-year follow-up (Mueser et al., 2001; Pencer et al., 2005) .
Early onset participants even showed better global, social and vocational functional outcomes after 7.4 years since onset compared to participants with an adult onset (Amminger et al., 2011) . Fewer results indicate that a deteriorating illness course is related to an earlier disease onset even in interventional settings . Based on this and on our results, the importance of vocational rehabilitation and supported employment may be especially important among individuals with early onset of schizophrenia, as they possibly benefit most from these kinds of interventions.
| CONCLUSIONS
This was the first systematic review of the effects of age at onset on a wide variety of long-term outcomes of schizophrenia. The results
show that age at onset has a small, although significant impact on some of the outcomes of schizophrenia. 
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